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GLAZING 

This invention lelatss to glazing . pandls and partlculaily but not 
exduBivdy to a vehicle windscreen having a todiation-wflectiwe coating layer 
S provided with a window pemwable to elactromagnetic radiations. 

Mlhough tiie invention is described herein w«h paitloilaif lefetence to 
car windscreens It wiU be understood that it has applications to ottier vehicle gazing 
panels, for example car rear windows and side windows, or train windows. 

Coating layers are well faiown to modify the optical properties of glass, 
W particulatly to reduce the proportion of Incident solar energy which is transmitted 
through the glass whilst aUowlng passage of sufficient visible Usht to ensure good 
vIslbiUty. This can reduce overheating "of the interior of the vehicle in summer and is 
commonly achieved by reflection of incident solar radiation in the infra-red portion 
of the spednim. Inftaied reflecting and other radiation-reflective coating layers may 
76 Inacase the sdedivily of the glazing panel i.e. the ratio of the proportion of incident 
visible radiation transmitted through the glazing to the proportion of incident solar 
energy transmitted through the glazing. AHhough the Inventton is described herein 
with particular reference to inftared raflecttng ooatinQS, it will be understood that It is 
suitable for any radiation-reflective coating layer. 
20 Sensors, emitters or antenitfa arranged In^de a car may rely on 

passage of electromagnetic waves through the windscreen. For example, passage of 
an electromagnetic data signal for automatic payment at the toll gates used on the 
motorways may pass through the windscreen. However, passage of .such 
electromagnetic signals may be hindered by the presence of a radiation-reflective 
2S coating and, consequently, a window in the form of a gap or hole may be provided 
in a radlaUon-rcftecBve coating layer specifically to allow the passage of 
electromagnetic radiations through that portion of the glazing. This principle is 
applicable to allowing passage of any electromagnetic wave through a glazing panel, 
for example, between an antenna Inside the vehicle and a base station, outside tfie 
30 vehicle, which may be, for example, a cellular phone station, a satellite, a 
television/radio emttter, or a short range communication device, such as a toll 
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connection gate or another vehicle. The term window permeable to electromagnetic 
«adlatIors-as-used-herein-refers^o-a-poxtion-^ 

to permit electromagnetic transmission therefhtough. Typical electromagnetic wave 

frequencies are, fbr example, 88-108 MHz, 54&-1650 kHz, 150-280 kHz for radio 
5 signals; 890-960 MHz, 1710-1880 MHz, 1900-2170 MHz, for mobae phone 
(»mn»uni(ationsH-1575.42d340--MH2--for--©PS;--and-5T8-GHz-for-Dedicate^ 

Range Communications. 

A "transmission ratio" may be evaluated between an antenna and a 

10 base station. It quantifies tiie ratio between the intend received by tiie antenna 
undejr test (AUT) and ttie intensHy lisceived by tiie ^me antenna placed bel:dnd a' 
standaxd lincoated glazing panel, both intensities being evaluated under the same 
conditions. The standaid unooated glazing panel presents a laminated stnictuie: ^ass 
(2.1 mm) / PVB (0.76 nun) / glass (2.1 mm). Theiefbre flie transmission ratb equals 

76 0 dB if tile AUT consists of ttie same antenna placed behind the standani uncoated 
glazing panel. If the transmission ratio is evaluated in air, Le. without any obslade, it 
will be positive, because the signal is neither reflected nor absorbed by tills standard 
glazing panel However, if the AUT includes the antenna placed behind an 
equivalent glazing panel, but comprising a fiill coating (i.e. without window 

20 pemteable to electromagnetic radiations), the transmission ratio will reach a strong 
negative level due to the reflection and absorption properfies of the coated g^bzlng. 

The transmission ratio is generally evaluated at 0^, i.e. in a diredion 
normal to the plane of the AUT and the plane of the base station antenna. Foissome 
sppilcattons, the transmission ratio may be evaluated at +35° :^^or -35% Le. In 

2S directions forming an angle of 35° on both sides of direction 0°, when the AUT is 
rotated in its azbnuihal plane under a constant elevation. 

The purpose of providing a coated gazing panel wUfa a window 
permeable to electromagnetic radiations has always been to reduce the decrease of 
30 tiie transmission ratio of the signal going through tiie glazing panel, due to tiie 
radiation-reflectivB coating layer. However, we have suipxisingty found that it is 
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possible not only to rsducs ths decrease of the transmission ratio but also to improve 
the transmission ratlo^ compared to the transmission through a windscreen without a 
coating layer and even, in some cases^ to improve it compared to the transmission 
ratio in air. 

9 

According to one aspect^ the present invention jnovides a glazing 
panel as defined in claim 1. The increase of the transmission ratio as expressed in 
daim 1 is evaluated by comparison with an imcoated glazing panel presenting an 
equivalent structure, i.e.» for example^ same thickness of glass, same PVB thickness If 
10 the panel is laminated. 

This may be used to aUow electromagnetic radiations to pass through a 
coated glazing panel without decreasing the intensity of the radiated signed. 

in the particular case of a 5»8 GHz circularly polarised wave 
communication between a base station and an antenna inside a vehlde, for example 
75 at an electronic toll gate^ the transmission ratio at 0° between the base station and the 
antenna Inside the veliide may be Improved by at least 2 dB^ and preferabV by at 
least 5 dB, and the teansmisslon ratio at ±35^ may stay at the same level or may be 
improved, compared to the transmission ratios through a glazing panel without a 
coating layer. 

20 

The radiation-reflective coating layer may be a sputtered deposited 
coating^ for example having the general structure antireflective dielectric layer / 
optional barrier layer / silver containing conductive layer / oiittonal barrier layer / 
antireflective dielectric layer / optional barrier / sliver containing conductive layer / 

S5 optional banrler layer / antireflective dielectric layer. Such coatings are used in 
automotive glazings to increase the selectivity of the glazing (i.e. the ratio of the 
proportion of visible light transmitted to the proportion of Incident solar energy 
transmitted) to reduce the solar heating or greenhouse effect in tiie vehicle. 
Altematively, the coating layer may have a single silver containing layer of the 

30 general stnictuve antireflective dielectric layer / optional barrier layer / silver 
containing conductive layer / optional barrier layer / antireflective dielectric layer. A 
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further possIbilHy Is for Ihe coating layer to comprise a pyrolytically deposited le^er 

hasttfl, far flxample on doped tin oxide. 

The radiation-reflective coating layer may be sandwiched between two 
sheets of ^ass or It be an exposed coattng layer, for example on a monoim^ic 
5 glaring pemel. The coating layer may be deposited directly on a suifiace of Ihe s^ing 
or It may be carried on a film, for examt)le a film of PET incorporated In fte glazing. 

The antenna inside the vehicle Is prsfetably positioned at a distance of 

at most torn the glazing panel, where D is the largest dimension of the inside. 

10 antenna and X the wavelength of the transmitted electromagnetic wave between the 
base station and the inside antenna, or the wavelength at which the antenna is 
adapted to work. In this particular configuration, the glazing panel may act under the 
physics law of the near-field zone of antennas, and the transmlslon ratio may be 
increased. 

16 

Several configuxations, shapes, designs and sizes of windows 
permeable to electromagnetic radiations may be suitable aooordins to tiie present 
Invention. 

20 Preferably, the window permeable to electromagnetic radiations Is a 

portion of the windsoeen that docs not have tiia radiation-reflective coating layer or 
Is a portion of the windscreen wherein the coating layer Is absent firom a pattern of 
dots. These dots fomn uncoated apertures In the coating layer. The window 
pemreable to elediomagnetic radiations may be entirely suwounded by the coating 

25 layer or may be bounded to the edge of the glazing panel where no coating layer to 
present and thus be partially surrounded by the radiation-reflective coating layer. 

The glazing panel may comprise several windows permeable to 
electromagnetic radiations. This albws several antennas, sensors or emitters to be 
30 placed behind tiie glazing panel, Inside the vehide. Furthemiore, windscreens may. 
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be provided wi^ at least two windo\A^ positioned symmetrically on both sides of an 
axis Yo which divides tiie glazing panel along Hs largest dimension In two equal parts, 
so as to be mounted indifferently on cars fitted for left-hand drive or right-hand drive. 

5 The window permeable to electromagnetic radiations may have a size 

and shape such that at least a square of 1.06^ x 1.064X may be In^nibed in it, or 
preferably, at least a square of 5.6 x 6.6 cm^ may be inscribed in it X Is the 
wavelength of the transmitted electromagnetic wave between the base station and 
the inside antenna. 

W Alternatively, the window permeable to electromagnetic radiations 

may be a substantially circular zone having an area of at least 0J35X^, or preferably, 
at least 19.5 cm^« It may be a disk with a diameter of at least or prefierably, a 

disk with a diameter of at least 7 cm. 

IS Where tiie window permeable to electromagnetic radiations Is a 

portion of the windscreen whmin the coating layer Is absent firom a pattern of dote, 
the dots may be arranged linearly or In alternate rows. Preferab^> the dots have 
substantial]^ the same size. Such a pattern may be particularly fevourable to the 
inorease of the transmission ratio through the window. Iruleed, it has been found ttiat 

20 the pattem of dots may increase tiie directivity of the transmission l^^ focusing the 
signal, and may also increase tiie efficiency of the transmission by improving the 
polaiisationi the latter being particularly true when considering circularly polarised 
waves. 

Advantageously the dots without coating layer have each a diameter 
26 of at least 0,116A«. Preferably, the dots without coating layer have each a diameter of 
at least 5 mm, or between 5 and 7 mm, or stiU preferably, 6 mm. 

The window permeable to electromagnetic radiations may comprise at 
least SO dots with no coating layer, and preferably at least 64 dots with no coating 
30 layer. This may optimise the increase in the transmission ratio, so that the 
transmission ratio may even be higher than the transmission ratio in air, I.e. witiiout 
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glazing panel to pass through. With 64 dots, a maximum transmission miio may be 
«,arhg d and there may be no fu rther imptovement if further dots ay e adde4- 

Many radiation-reflective coatli^ layers have the intrinsic properly of 
5 being electrically beatable. The vehicle glazing panel according to the present 
Invention mav_indeedjbe_heated to be de-misted or de-iced. It ia desired that tiie 
heating of the glazing panel be as uniform as possible, avoiding hot spots which may 
damage the coating layer, and avoiding low temperature zones where a de-icing or 
dc-mistlng function may be delayed. The prefenred particular pattern of dots without 
70 coating layer in tiie window permeable to electromagnetic radiations allow the 
glazing panel be heated substantially uniformly; but other shapes and designs of 
windows are also suitable to obtain a homogeneous heatbng pattern. 

Embodiments of the Invention will now be described, t^ way of 
;5 examples only, with reference to figures 1 and 2. Hgure 1 shows a car windscreen 
and an enlargement of a portion around tiie uAndow permeable to electromagnetic 
radiations. Figure 2 shows otiier suitable patiems for the window permeable to 
electromagnetic radiations. 

2Q Several transmission ratios have been measured and compared to tiie 

trarvsmlKion ratio tiirough a glazing panel wittiout a coating layer, whidi served as 
ttie reference and to which we gave a value of 0 dB. Results are given in the table 
below. The electromagnetic waves analysed in this example were all dedicated short 
range communications at 5.8 GHz as can be found at electronic toll gates on 

25 motorws^s. These are circulariy polarised waves. The distance between the antenna 
inside the vehicle and the glazing panel was in all cases 18 mm, and tiie largest 
dimension of the antenna inside the vehide was approximately 30 mm. 

When ana^ng transmissions at 0°, it shows that when the signal 
passes tiirough a coated ^a^g with a window permeable to eledrome^etic 

so radiations which is a <»sk of 50 mm diameter witiiout coating layer or a rectangle of 
120 X 70 mm^ without coating layer, tiie transmission ratio is increased by 2 dB, 
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compared to a signal passing thtough a glazing without coattag layer. Similarly, the 
transmission 18 increased by 5 dB. when the signal does not pass through a gl^^^ 

panel. i.e. in the air. Finally, the transmission ratio is Increased by 7 dB wher. the 
signal passes through a window permeable to dectromagnettc mdlations which is a 
square of 6 x 6 cm'^ comprising 64 dots without coating layer of 6 mm diameter 
each m this particular embodiment, the transmission tatto Is thus beHer than In Ihe 
air As counterexample, the transmission ratio is decreased by 6 dB when the signal 
passes throu^ a window permeable to electromagnetic radiations which is a square 
of 6 X 6 cm« comprising 64 crosses without coating layer of 6 mm long and 1 mm 
broad, nie case of a windscreen with a coating layer which does not comprise a 
window permeable to electromagnetic radiations is also mentioned In the table: the 
tensmisslon ratio Is In lhat case decreased by 20 to 40 dB. compared to a 

windscreen wltiiout coating l^er. 

When analysing transmissions at ±35«. the reference selected Is also a 
glazing panel without coating layer. When the signal passes through a window 
permeable to elec±omagnetic radiations which is a square of 6 x 6 cm« comprising 
64 dots without coating layer of 6 mm diameter each, the transmission taflo Is at fee 
same level than the reference: it is neither decreased nor Increased, like In the 
transmission at 0^ the transmission at ±35- Is Increased by 5 dB. when the signal 
does not pass through a glazing panel. I.e. in the air. When the signal passes through 
I. coated glazing with a window pemieable to electromagnetic radiations which is a 
,«ctangle of 120 x 70 rrutf without coating layer, the transmission ratio Is Increased 
byldB. 
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iiaiwinfeaionatO' I Tiansmbalon at *35» 



Pattern of dots without coating layer 



+7dB 



No windscreem (air) 



+5dB 




+2dB +1^ 



50 mm disk without coating layer 



^—REPEHENCm 

Windscreen without ooattng lajwr 



OdB 



Pattern of crosses without coating layer 



Windscreen witii IR reflecting coating layer 



-20to<40dB 
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W 



.Figure 1 shows a car windscreen 1 having a iadlation-i«fl«ctlve coating 
layer 2 and a window penmcable to electromagnetic radiations 3. The window 
penifieablc to electromagnetic radiations is a square of 6 x 6 cm* comprising 64 dois 
without coating layer 4. Each dot has a diameter of 6 mm and is separated fiom the 
neighbouring dots by a distance of 1 mm. 

Figure 2 shows other suitable paitenns for the window penneabld to 
electromagnetic radiattons. Figure 2a shows a circular window of 7 cm in diameter 
comprising 76 dols of 6 mm In diameter, arranged in aUemate ix>w8. Figure 2b 
shows a circular window of 7 cm in diameter comprising 76 dots of 6 him in 
diameter, ananged lineariy. 
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CLAIMS 



A vehicle glazing panel comprising a radiation-reflective coaling layer and at 
least a wtodow In tive coating layer, peimeable to eledromagnetic radiations, 
adapted to have at least an inside antenna mounted behind it, characterised 
In that the size and design of the window permeable to eledtomagnetlc 
tadiations Inaease the transmission ratio at 0* between said Inside antenna 
and a base station outside ttic vehicle. 

A vehicle glazing panel In accordance wHh daim 1, characterised in that, 
when considering a circularly polarised etectroraagnetic wave of 5.8 GHz, the 
size and design of the window permeable to etectiomagnetic radiations 
increase the transmission ratio at 0" beiween tfie inside antenna and the base 
station by at least 2 dB. 

A vehide glazing panel in accordance with claim 2, characterised in that the 
size and design of the window permeable io electromagnetic radiations 
increase the transmission ratio at 0' by at least 5 da 

A vehide glazing panel in accoidance with daim 2 or daim 3, diamcterised in 
that, when considering a circularly polarised electromagnetic wave of 5.8 
GHz, the size and design of the window permeable to electromagnetic 
radiations do not decrease the transmission ratio at +35* or -35» beiween the 
inside anterma btkI the base station. 

A vehicle glazing panel in accordance with any preceding daim, characterised 
in that the distance beiween the position at whidi the inside antenna is 
adapted to be mounted and ihe glazing panel is at most - j- . where D is the 
largest dimension of the Inside antenna and X the wavelength to which the 
antenna is devoted. 
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6. A vehicle grazing panel In accordance with any preceding claim, diaracterised 
lrUhat4he-wlndow-pemieable-to-dectrQmagneilcnnad^ 



^at at least a squaie of 1.064Xxl.064X may be Inscribed In It ... . 

7. A vehicle sladng panel In accordance with any preceding dalm, characterised 
^ in that the window has a size such that at least a square of 5.5 x 5^ cm8 mav 

be Inscribed in it 

8. A vehicle glazing panel in accordance with any of claims 1 to 5, chaiacterised 
in that the window pemieable to electromagnetic radiations Is a substantiaUy 
drcular zone having an area of at least 0.735%'. 

10 9. A vehicle glazing panel in accordance with claim 8, characterised- in that the 
window permeable to electromagnetic radiations Is a substanflaDy circular 
zone having an area of at least 19.5 cm^. 

10. A vehicle glazing panel In accordance with claim 9, characterised in that the 
window permeable to electromagnetic radiations Is a disk with a diameter of 

15 at least 7 cm. 

11. A vehids glazing panel In accordance wlih any of claims 1 to 10, 
chatadsrised In that the window permeable to electromagnetic radiations is a 
zone wherein no oc»ting layer is present 

12. A vehicle glazing panel in accordance with any of claims 1 to 10, 

20 characterised In that the window permeable to electromagnetic mdiations is a 

zone wherein the coating layer Is absent from a pattern of dots, arranged 
linearly or In alternate rows. 

13. A vehicle glazing panel In accordance with claim 12, charaderised In that the 
dots without coating layer have each a diameter of at least 0.116%. 

26 14. A vehlde glazing panel in accordance with claim 12 or claim 13, characterised 
In that the dote without coating layer have each a diameter of at least 5 mm. 
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15. A vchlde glazing panel In accotdance with any of dalms 12 to 14, 
chaiadsrised In that the dots wi&iout coating layer have each a diameter 
between 5 and 7 mm. 

16. A vehicle glazlns panel in accordance w«h any of claims 12 to 15, 
characterised in that the window pemcabte to electromagncttc radiations 
comprises at least 50 dots with no coating layer. 

17. A vehicle glazing panel in accordance with claim 16, characterised in that the 
window permeable to elechcomagnetic radiations comprises at least 64 dots 
witii no coating layer. 

18. A vehicle glazing panel In accordance with any preceding dalm, which is 
electrical^/ beatable. 
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s Glazing 



A vehicle is provided with a gladng panel coated with a tadlaUon- 
leflective coating layer and Is adapted to have at least an antenna mounted behind 
W the glazins pand. A wbadow permeable to electromasnetlc radiations is incotpoYated 
In the coating layer such tiiat Hs size and design increase the transmission ratio 
between the antenna inside the vehicle and a base station outside the vehicle. 
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Fig. 2b 
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Fig. 2a 
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